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The aging process is associated with alterations in the cardiovascular and autonomic nervous systems. Autonomic changes related 
to aging involve parasympathetic and sympathetic alterations leading to a higher incidence of cardiovascular disease morbidity 
and mortality. Several studies have suggested that physical exercise is effective in preventing deleterious changes. Chronic exercise 
in geriatrics seems to be associated with improvement in the cardiovascular system and seems to promote a healthy lifestyle. In 
this review, we address the major effects of aging on the autonomic nervous system in the context of cardiovascular control. We 
examine the use of chronic exercise to prevent cardiovascular changes during the aging process. 
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INTRODUCTION
The rates of cardiovascular disease morbidity and 
mortality increase steeply with advancing age.1 Aging 
is a physiological process related to morphological and 
functional changes in the cardiovascular and autonomic 
nervous systems. This process is related to higher incidence 
rates of cardiovascular disease, including hypertension, heart 
failure and myocardial infarction.2 Therefore, the literature 
suggests that aging is a risk factor for cardiovascular disease. 
In addition, environmental factors and sedentary lifestyle 
can also be related to cardiovascular disease.3 Changes in 
the autonomic nervous system are partly responsible for 
cardiovascular complications associated with aging and 
a sedentary lifestyle. In this review, we address: 1) the 
effects of aging on autonomic nervous system control of 
the cardiovascular system; 2) the effect of aging on physical 
fitness; 3) the benefits of chronic exercise to prevent 
cardiovascular changes in the context of aging. A Pubmed 
search used the following key words: aging, cardiovascular 
system, autonomic nervous system, physical exercise and 
training exercise.
AUTONOMIC NERVOUS SYSTEM CONTROL OF 
THE CARDIOVASCULAR SYSTEM AND AGING 
In 1920, Walter Canon said that the autonomic nervous 
system was essential to maintain the balance of the 
organism; he defined this process as “homeostasis.”4 We 
know that that the autonomic nervous system is an important 
neuromodulator of the cardiovascular and metabolic 
systems in humans. The autonomic nervous system allows 
the central nervous system to maintain homeostasis in the 
context of both acute and chronic changes in physiological 
and pathological states. Cardiovascular diseases are 
associated with autonomic changes that include a decrease 
in parasympathetic and/or an increase in sympathetic 
modulation. 
Aging is known to alter the neurohormonal mechanisms 
that control the cardiovascular system. Published reports have 254
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demonstrated a decline in sinoatrial node parasympathetic 
activity5,6 and an increase in sympathetic activity in the heart 
and vascular system with aging.5 
The impairment of cardiac-vagal neurons appears to be 
the major determinant of changes in the control of heart rate 
that come with aging, since aging reduces the tachycardia 
that may be induced by atropine in humans and animals.7 The 
study performed by our group demonstrated that the vagal 
effect as evaluated by methylatropine injection was greater 
in young rats than in old rats; young rats showed a lower 
intrinsic heart rate after methylatropine and propranolol 
blockade (Figure 1).8 
Reduced vagal function and intrinsic heart rate were 
also observed in older individuals.9 Stratton et al. studied 
the cardiovascular effects of parasympathetic blockade 
and demonstrated small increases in heart rate, cardiac 
index, systolic blood pressure, and early diastolic filling 
rate in older as compared to younger people.10 Depression 
of respiratory sinus arrhythmia with age also suggests 
a decrease in parasympathetic influence on sinus node 
function.11 Dysfunction in the activity of the neural portion 
(afferent, central or efferent) of the vagal system and 
the cardiac muscarinic receptor may be involved in the 
parasympathetic changes associated with aging. 
Increased sympathetic activity has been indicated by the 
rate of noradrenaline secretion and recordings of sympathetic 
nerve activity associated with the skeletal muscle and 
heart. Studies have shown that basal noradrenaline plasma 
concentrations are elevated in elderly populations.12,13 
Increased muscle sympathetic nerve activity is present in 
elderly normotensive men and women. Sympathetic nerve 
activity is almost two times higher in 65-year-olds than in 
25-year-olds.14,15 Cardiac sympathetic activity is also elevated 
in the first group. This is probably due to a reduced neuronal 
uptake of noradrenaline and an increased sympathetic nerve 
discharge rate.13 The age-related increases in sympathetic 
nervous system activity under resting conditions seem to be 
related mainly to a primary increase in central sympathetic 
nerve discharge.16
Aging per se induces changes in the baroreflex control 
of heart rate. The decline of baroreflex sensitivity was 
documented in experimental older animals and humans. 
Baroreceptor stimulation by phenylephrine or sodium 
nitroprusside induced a lower decrease in the heart reflex 
in older as compared to younger individuals.7 Experiments 
conducted by our group demonstrated that older rats exhibited 
impaired sensitivity of the baroreflex control of heart rate.8,17 
The baroreflex bradycardia induced by increasing the arterial 
pressure after phenylephrine injection was significantly lower 
in old rats as compared to young rats. The cardiac response 
to nitroprusside sodium injection was also depressed in older 
as compared with younger rats (Figure 2). The age-related 
impairment of baroreflex sensitivity has been associated 
with alterations in arterial compliance, changes in central 
autonomic integration, reduction of vagal outflow and 
decreased muscarinic sinoatrial node receptor density.18-20
Heart rate and arterial pressure homeostasis may 
be compromised with age. Resting heart rates remain 
unchanged or even decrease slightly with age.21,8,22 Cardiac 
output is also preserved since the ejection fraction and stroke 
volume remain constant.22 
The decrease in autonomic modulation associated with 
advancing age is also reflected in changes in heart rate 
Figure 1 - A: Graphs showing no differences in sympathetic (ST) and 
vagal (VT) tone between young and old rats. The intrinsic HR (IHR) was 
lower in old rats. B: The increase in HR (from 347 ± 9 to 527 ± 11 beats/
min) after methylatropine injection [vagal effect (VE)] was higher in young 
rates than in older specimens. * Significant difference between young and 
old rats (P < 0.05).
Figure 2 - Baroreflex control of heart rate ( HR) in young (dashed line) 
and old (solid line) rats. The HR slopes during increases and decreases in 
mean arterial pressure ( MAP) were significantly reduced in old rats as 
compared with younger specimens. * Significant differences between young 
and old rats (P < 0.05).255
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(HRV), blood pressure variability (BPV) and their frequency 
components. Changes in HR and BP variability are thought 
to be detrimental to cardiovascular health. For example, the 
Framingham study demonstrated that reduced HRV was a 
predictor of new cardiac events and hypertension in a middle-
aged population.23 Therefore, HR variability has been used as 
an important predictor of death and non-fatal cardiovascular 
dysfunction.24 The aging process is associated with a 
reduction in HR variability, linked to an age-related decline 
in parasympathetic regulation and greater sympathetic 
modulation.25-27 Autonomic modulation, estimated through 
the use of HR variability frequency components, changes 
with age. Clinical and experimental studies have shown that 
the spectral power of the high frequency (HF) component 
of HRV reflects parasympathetic modulation, and the 
low frequency (LF) range of HRV reflects vagal, mostly 
sympathetic, modulations.28 In addition, the LF component 
of BP variability is a reflection of sympathetic modulation 
of the circulation.28 Healthy older subjects exhibited lower 
HF components and higher LF components at rest when 
compared to younger subjects, and consequently, a higher 
sympathovagal balance (LF/HF).27 The LF/HF ratio is 
considered by some investigators to reflect sympathovagal 
balance or sympathetic modulations.28,31,32 This suggests that 
there may be some increase in the sympathetic influence on 
HR variability with increasing age.
Age is associated with increased BP and BP variability 
as well as a decrease in arterial compliance and arterial 
system distensibility. The decrease in arterial compliance is 
a powerful determinant of cardiovascular risk.34 Furthermore, 
the hyperactivity of the sympathetic nervous system 
contributes to increased arterial pressure. Studies have 
investigated the effect of age on resting BP variability and 
have suggested an increase in baseline BPV with aging.35,36 
BP variability is associated with the LF/HF ratio, and this in 
turn may reflect changes in the sympathovagal balance.35 
PHYSICAL FITNESS, AUTONOMIC NERVOUS 
SYSTEM AND AGING 
The changes in the autonomic nervous system, glycemic 
control, and morphological and structural aspects of the 
cardiovascular system, are all likely related to low physical 
fitness associated with the aging process. Although the 
literature does not suggest any real consensus, there is 
evidence that suggests that low physical fitness may lead to 
autonomic changes.37,38 The impairment in physical fitness 
leads to functional disability and a loss of independence, 
consistent with increasing utilization of healthcare 
resources. 
Maximal consumption of oxygen (VO2max) is correlated 
with performance during endurance-based exercise. There 
exists long-standing evidence that VO2max and performance 
decline progressively with age.39 A decrease in VO2max is 
associated with increased risk of cardiovascular disease and 
mortality.40,41 Studies have identified an inverse relationship 
between VO2max and age in trained and untrained 
populations.42,43 However, the decline in VO2max is smaller 
in endurance-trained male athletes than in sedentary 
men.44-46 Since VO2max is the product of maximal heart 
rate, maximal stroke volume, and maximal arteriovenous 
O2 difference, any change in heart rate or myocardial 
contractility will alter VO2max. This is noticeable in the 
aged, for whom cardiovascular responses to exercise are 
blunted. This manifests as a reduction in exercise-induced 
tachycardia and myocardial contractility.36 The reduced 
degree of tachycardia during exercise in the elderly may 
be related to reduced cardiac function. Cross-sectional 
investigations suggest that good cardiorespiratory fitness is 
associated with enhanced vagal activity.37,38 Subjects with 
superior exercise capacity have significantly higher vagal HR 
modulation during exercise than do those with poor physical 
fitness.47 The intensity of the exercise level at which vagal 
modulation disappears is also significantly higher in trained 
individuals. This supports the hypothesis that cardiac vagal 
function is related to aerobic fitness in middle-aged and 
elderly subjects.47
Figure 3 - A schematic representation of age-related alterations to the 
autonomic nervous system, and of the role of chronic exercise in reducing 
or preventing these alterations. Aging combined with a sedentary lifestyle 
is associated with changes in the autonomic nervous system’s control of 
the cardiovascular system. Autonomic changes involve decreases in vagal 
function, HR variability and baroreflex sensitivity, as well as increased 
sympathetic function and BP variability. These changes are associated with 
high rates of cardiovascular disease and mortality. Chronic exercise prevents 
these autonomic changes and reduces the rates of cardiovascular disease and 
mortality as they relate to aging. 256
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CHRONIC PHYSICAL EXERCISE, AUTONOMIC 
NERVOUS SYSTEM PERFORMANCE AND AGING 
Cardiovascular, metabolic and autonomic improvements 
induced by chronic exercise have led many investigators to 
suggest that regular exercise is an important intervention 
that can help prevent physiological changes associated 
with aging. Individuals that are physically active show 
attenuation of the physiological alterations related to aging, 
with a commensurate reduction in cardiovascular risk. We 
have shown that regular exercise in younger14,48 and older 
normotensive rats49 improved the autonomic control of 
cardiovascular function. Regular exercise in animals and 
humans results in adaptation of the autonomic nervous 
system, which is most commonly observed as reduced HR 
at rest. In humans, resting bradycardia is associated with 
a decrease in intrinsic HR as well as an altered autonomic 
balance, leading to parasympathetic dominance.50-52 This 
is thought to be mediated in part by an increase in cardiac 
vagal tone.53 The mechanisms by which exercise produces 
changes in autonomic control are unknown; however, there 
is evidence of alterations in the central afferent and efferent 
pathways and in the effector organs (receptor function).54,55 
Danson and Paterson56 showed that nitric oxide-mediated 
vagal-induced bradycardia is enhanced after exercise 
training. Transgenic studies involving the transfer of nitric 
oxide synthase into the atrial wall mimicked the exercise 
effects of the vagal phenotype, suggesting that nitric oxide 
synthase may be an important protein to increase cardiac 
vagal function.57
Studies have provided inconclusive results regarding 
the effects of aerobic training on HR variability in elderly 
subjects. Stein et al.58 observed that 12-month aerobic 
training in healthy older adults promoted an increase in 
HR variability. These researchers also showed that the 
increased HRV was maintained for more than one year 
with regular training. Another study demonstrated that HR 
variability increased in older men after a 6-month period of 
high-intensity training at 50–85% HR reserve for 180–225 
min/wk.58 On the other hand, Uusitalo et al.59 observed no 
changes in HR variability in older men after 5 years of low-
intensity training at 40–60% VO2max for 30–60 min/day, 
3–5 days/wk. The different results from these studies may 
be due to the different exercise loads. The HRV changes are 
directly related to the intensity, duration and frequency of 
aerobic training.
Decreased baroreflex sensitivity is attenuated in 
endurance-trained adults as compared to sedentary ones.60 
Evidence from cross-sectional studies shows that baroreflex 
sensitivity is greater in middle-aged and older adults 
who exercise regularly as compared to those who lead a 
sedentary lifestyle.61,62 Recently, Okazaki et al 63 suggested 
that the adaptation of baroreflex sensitivity may be more 
pronounced after moderate training, since intense exercise 
was not found to result in greater changes. The mechanisms 
that modify baroreflex sensitivity in the elderly with regular 
aerobic exercise have not been determined. Baroreflex 
sensitivity changes promoted by physical exercise have 
been associated with alterations in the afferent, central 
and efferent components of the baroreflex pathway. For 
example, Tanaka et al  64 showed that physical activity 
improved the compliance of large elastic arteries that 
contain arterial baroreceptors (namely the ascending aorta 
and carotid sinus). Increased shear stress during exercise 
may also enhance the release of endothelial factors and may 
contribute to improved arterial compliance. The enhanced 
arterial compliance associated with regular exercise could 
enhance stimulus transduction and afferent responsiveness. 
Also, the higher vagal tone in the heart after regular exercise 
suggests an improvement of the vagal reserve in the context 
of baroreceptor-mediated HR response.53 Regular exercise 
may increase baroreflex sensitivity in older humans by 
augmenting the muscarinic receptor density60 and increasing 
arterial baroreceptor sensitivity. 
CLINICAL IMPLICATIONS AND PERSPECTIVES 
We conclude that physical exercise is an important tool 
to prevent and reduce cardiovascular autonomic changes 
associated with age. Studies have shown that regular 
exercise improves baroreflex sensitivity and heart rate 
variability, increases parasympathetic outflow, and decreases 
sympathetic outflow, thereby reducing cardiopathies related 
to age. The mechanisms by which chronic exercise reduces 
and prevents the autonomic changes related to age have 
been associated with alterations in the effector organs 
(receptor function) and with changes in the afferent, central 
and efferent components of the autonomic nervous system 
pathway. 
The effects of exercise on cardiovascular morbidity 
and mortality have yet to be elucidated, in particular with 
respect to the intensity and duration of regular exercise that 
is required to achieve a clinically meaningful reduction in 
cardiovascular risk. The optimal “dose” of exercise required 
to achieve maximal improvement in these variables is not 
yet clear. More studies should be conducted to investigate 
this question. 257
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